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(57) Abstract: 

PURPOSE: To provide a cold cathode electron source 
manufacturing method by which cold cathode electron 
source elements are manufactured stably at low cost in 
easy processes wherein the elements have a large 
surface area and show excellent properties. 

CONSTITUTION: Manufacture of a cold cathode electron 
source involves a process to form a resist film on the 
surface of a conductive layer for an emitter 3 into a 
wedge-like shape and a process to remove the part of the 
conductive layer which comes out of the resist film for 
the emitter 3 by etching, wherein the resist film has 
smaller surface area of the lower main face in the 
conductive layer side for the emitter 3 than that of the 
upper main face, which is a photosensitive face, and has 
scratches. As a result, cold cathode electron source 
elements which can exhibit stable and excellent 
properties by emitters 3 having 50nm or smaller 
curvature and sharp edge parts are manufactured 
reproducibly at low cost and high production yield by 
simple processes and the elements can have a large 
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1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the cold cathode electron source characterized by including the process which 
forms in the conductor-layer front face for emitters a resist film which presents the shape of eaves with an area of the 
lower principal plane by the side of the aforementioned conductor layer for emitters smaller than the upper principal 
plane which is a sensitization side at a wedge shape, and the process which removes the aforementioned conductor 
layer for emitters which overflowed from the aforementioned resist film by etching. 

[Claim 2] The manufacture method of the cold-cathode electron source according to claim 1 characterized by to include 
the process which carries out opposite arrangement of the gate which separated the minute distance equivalent to the 
size of the aforementioned eaves-like portion in this emitter while exposing the wedge-shaped emitter which removes 
the aforementioned conductor layer for the gates of the resist film which presents the shape of aforementioned eaves, 
and this resist film front face, and has the radicalized nose of cam, after adhering the conductor layer for the gates. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of a cold cathode electron- source element. 
[0002] 

[Description of the Prior Art] A field emission type electron source can be manufactured in micron size using the ultra- 
fine processing technology of a semiconductor, moreover, since integration and batch processing are easy, by the 
thermocouple-emission type electron source, the application to impossible GHz band amplifier, and large power and a 
high-speed switching element, and also the electron source for high definition flat-panel displays is expected, and 
research and development are briskly made in in and outside the country. 

[0003] The conventional example of such a field emission type electron source is explained below. 
[0004] The thin film field emission type electron source shown in drawing 21 opens 0.3 or the interval of 2 
micrometers, forms cold cathode 52 and the gate electrode 53 which counters on the insulator substrate 51, and causes 
electron emission by applying voltage between the aforementioned cold cathode 52 and the gate electrode 53 in a 
vacuum (JP,63 -274047, A). The aforementioned cold cathode 52 is formed using FIB (Focusdlon Beam) technology, 
and forms especially the nose of cam of the height acute. However, when FIB technology is used, large-area-izing of an 
element will be difficult, and a manufacturing cost will also become high. 

[0005] On the other hand, when large-area-izing and a manufacturing cost are considered, patterning using photo 
lithography technology is appropriate. However, with the present Fort Lee SOGUGURA fee technology, since the 
diameter of the electronic beam spot turns into the minimum diameter of patterning, the diameter of about 0.5 
micrometers is a limitation. For this reason, in order to form the nose of cam of cold cathode 52 acute, you have to add 
still more various processes. However, possibility of damaging the element injury on in the meantime, especially a cold 
cathode point increases, and it has become the cause of a fall of the yield of an element, so that a process increases. 
Moreover, most of these cold cathode radicalization processes are complicated,- and configuration control is difficult foi 
it, 

[0006] The thin film field emission type electron source shown in drawing 22 forms cold cathode 63 and the gate 
electrode 64 in the front face of the insulating layer 62 on the insulator substrate 61 in parallel by the method of **** 
by the ultrasonic wave, and fracture (JP,3-49129,A). 

[0007] However, since it is a thing accompanied by fracture by the ultrasonic wave in the case of the thin film field 
emission type electron source shown in this drawing 22 , while it is technically difficult to attain equalization of the 
configuration of cold cathode 63, there is a problem that the damage to the thin film which forms cold cathode 63 is 
serious. 

[0008] The thin film field emission type electron source shown in drawing 23 and drawing 24 is radicalized in the nose 
of cam of the height using isotropic etching technology, after forming the cold cathode 73 which has much heights on 
the insulating layer 72 on the insulator substrate 71 using photo etching technology (JP,3 -252025, A). In addition, 74 
are cold cathode 73 and a gate electrode which counters among drawing 23 . However, control of the configuration of 
the cold cathode 73 by etching conditions is difficult. Furthermore, when an undercut does not advance by formation of 
a side-attachment-wall protective coat etc., it cannot apply. 

[0009] Moreover, about the gap control between the emitter-gates, after forming the covering material on emitter 
material, there is the method of forming an emitter by etching etc. so that an undercut may enter, and forming the gate 
by vacuum evaporationo etc. from the upper part of this emitter and covering material (JP,4-28138,A). However, 
control of the undercut by etching conditions is difficult, and has a problem in respect of repeatability and precision. 
Furthermore, when an undercut does not advance by formation of a side-attachment-wall protective coat etc., it cannot 
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[0022] The conditions of dry etching are etching gas CF 4. : You may be 02 =170:30sccm, pressure 0.17Torr, RF 
output 300 W, and time 10 minutes. 

[0023] Next, as shown in drawing 6 and drawing 7 , membranes are formed by vacuum evaporationo on the conditions 
which carry out incidence of the conductor layer 4 for gate 6 which consists of metals, such as nickel, Cr, and Ta, 
perpendicularly to the insulating substrate 1 . 

[0024] Next, as shown in drawing 8 and drawing 9 , while exposing the serrate emitter 3 which removes the resist film 
5 which has the shape of aforementioned eaves and presents serrate, and the conductor layer 4 of the front face of this 
resist film 5 using exfoliation liquid (lift off), and has the radicalized nose of cam, opposite arrangement of the gate 6 
which presents minute distance partition ******** equivalent to the size of the aforementioned eaves -like portion to 
this emitter 3 is carried out. 

[0025] According to the above process, while an emitter nose of cam with a radius of curvature of 50nm or less is 
obtained using the conventional photolithography technology, large area-ization of a cold cathode electron-source 
element is attained, and, moreover, cheap-ization of a manufacturing cost can also be attained. 

[0026] Moreover, simplification by reduction of the number of processes can be attained, damage on the cold cathode 
electron source in the middle of a process and destruction decrease, and improvement in the yield can also be aimed at. 
[0027] Furthermore, formation of the gate 6 by the self-adjustment (self aryne) process is attained, the distance between 
the gate 6-emitters 3 can be formed in 1 micrometer or less, electron emission becomes easy, and the cold cathode 
electron source of a low-battery drive can be obtained. 

[0028] (Example 2) it is shown in drawing 19 and drawing 20 - as - the front face of the insulating substrate 1 (glass 
substrate) - a protective layer 10 and Si02 from - the becoming insulating layer 1 1 is formed and the conductor layer 
2 which consists of Mo of 0.3 -micrometer ** is further formed in sputtering 

"0029] Then, the gate 6 which presents serrate [ equivalent to the size of the aforementioned eaves-like portion / which 
carries out minute distance partition ******] to the serrate emitter 3 and this serrate emitter 3 which has the radicalized 
lose of cam at the same process as an example 1 is formed in the front face of the aforementioned insulating layer 1 1 . 
1)030] Furthermore, the insulating-layer crevice 12 is formed in an emitter 3 and the opposite field lower part of the 
gate 6, the space of the aforementioned insulating-layer crevice 12 is separated, and an emitter 3 and the gate 6 are 
nade to give wet etching to the aforementioned insulating layer 1 1 , and to counter respectively. The cold cathode 
electron source which an emitter 3 and the gate 6 will separate the space of the aforementioned insulating-layer crevice 
12 respectively, it will counter, and electron emission efficiency improves by this, and can demonstrate a more stable 
and good property can be manufactured at cheap cost. 
;0031] 

Effect of the Invention] According to invention according to claim 1, the cold cathode electron-source element which 
:an demonstrate the stable and good property by the emitter with the radicalized nose of cam with a radius of curvature 
)f 50nm or less can be manufactured with the sufficient yield with sufficient repeatability at cheap cost by the simple 
orocess, and the manufacture method of the cold cathode electron source in which large-area-izing is possible can be 
)ffered. 

X)032] According to invention according to claim 2, the gate which countered the emitter can be made to be able to 
approach 1 micrometer or less, and the manufacture method of the cold cathode electron source which can manufacture 
he cold cathode electron-source element which can demonstrate the stable and good property by making it arrange to 
romogeneity over a large area with the sufficient yield with sufficient repeatability at cheap cost by the simple process 
:an be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Drawing 1] The cross section showing the manufacturing process of the cold cathode electron source in the example 1 
}f this invention 

Drawing 2] The cross section showing the manufacturing process of the cold cathode electron source in the example 1 
}f this invention 

"Drawing 3] The cross section showing the manufacturing process of the cold cathode electron source in the example 1 
:>f this invention 

Drawing 4] The cross section showing the manufacturing process of the cold cathode electron source in the example 1 
:>f this invention 

'Drawing 5] The plan showing the manufacturing process of the cold cathode electron source in the example 1 of this 
nvention 

Drawing 6] The cross section showing the manufacturing process of the cold cathode electron source in the example 1 
)f this invention 

Drawing 7 ] The plan showing the manufacturing process of the cold cathode electron source in the example 1 of this 
nvention 

Drawing 8] The cross section of the cold cathode electron source obtained according to the example 1 of this invention 

Drawing 9] The plan of the cold cathode electron- source element obtained according to the example 1 of this invention 

Drawing 10 ] The graph which shows the relation of the light exposure of an eaves-like portion and the size in the 
example 1 of this invention 

Drawi ng 11 ] Explanatory drawing showing the relation of the light exposure of an eaves-like portion and the size in 
he example 1 of this invention 

Drawing 12] Explanatory drawing showing the configuration of the emitter in the example 1 of this invention, and a 
esist film 

Drawing 13 ] Explanatory drawing showing the relation of the light exposure of an eaves-like portion and the size in 
he example 1 of this invention 

Drawing 14 ] Explanatory drawing showing the relation of the light exposure of an eaves-like portion and the size in 
he example 1 of this invention 

Drawing 15] Explanatory drawing showing the relation of the light exposure of an eaves-like portion and the size in 
he example 1 of this invention 

Drawing 16 ] Explanatory drawing showing the configuration of the emitter in the example 1 of this invention, and a 
esist film 

Drawing 17] Explanatory drawing showing the relation of the light exposure of an eaves-like portion and the size in 
lie example 1 of this invention 

Drawing 18] Explanatory drawing showing the relation of the light exposure of an eaves-like portion and the size in 
he example 1 of this invention 

Drawing 19 ] The cross section showing the manufacturing process of the example 2 of this invention 
Drawing 20] The cross section showing the manufacturing process of the example 2 of this invention 
Draw in g 21] The partial perspective diagram showing an example of the conventional electron source 
Drawing 22] The partial perspective diagram showing the other examples of the conventional electron source 
Drawing 23] The partial perspective diagram of the conventional electron source showing other examples further 
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[Drawing 24] The partial perspective diagram of the conventional electron source showing other examples further 
[Description of Notations] 

1 Insulating Substrate 

2 Conductor Layer 

3 Emitter 

4 Conductor Layer 

5 Resist Film ; 

6 Gate 

1 1 Insulating Layer 

12 Insulating-Layer Crevice 



[Translation done.] 
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